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Abstract: Non-small cell lung cancer (NSCLC) is a malignant tumor that accounts for the most new cancer cases and 
cancer-related deaths worldwide, and the proliferation and metastasis of NSCLC are the main reasons for treatment 
failure and patient death. Traditional chemotherapeutic drugs have low selectivity, which can kill cancer cells and 
cause damage to normal cells at the same time. Therefore, it is particularly important to study therapies that target 
cancer cells and to find low-toxicity, high-efficiency anticancer drugs. Cyy260 is a novel small molecule inhibitor that 
we synthesized for the first time. Here, we investigated the in vitro and in vivo antitumor activities of Cyy260 and 
explored the underlying mechanisms in NSCLC. Cyy260 had a concentration- and time-dependent inhibitory effect 
on NSCLC cells, but it was less toxic to normal cells. Cyy260 regulated apoptosis through intracellular and extracel-
lular apoptotic pathways. In addition, Cyy260 could also induce cell cycle arrest, thereby inhibiting cell proliferation. 
Further analysis of molecular mechanisms showed that the JAK2/STAT3 signaling pathway was involved in the 
antitumor effect mediated by Cyy260. Analysis of subcutaneously transplanted tumors in mice showed that Cyy260 
suppressed tumor growth in vivo. Our results proved that Cyy260 is a novel inhibitor of the JAK2/STAT3 pathway thus 
may have potential in therapy of NSCLC and other cancers.
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Introduction

Lung cancer has become the most widely diag-
nosed cancer worldwide with the morbidity and 
mortality increasing [1]. Since the 1990s, the 
treatment of lung cancer has made significant 
progress and the survival rate has improved 
[2]. In particular, chemotherapy and molecular 
targeted therapy have strengthened the stan-
dardized and individualized treatment of lung 
cancer patients, with significant results [3, 4]. 
About 85% of lung cancer patients have a group 
of histological subtypes collectively called non-
small cell lung cancer (NSCLC) [5]. The stan-
dard treatment for advanced NSCLC typically 
includes platinum-based doublet chemothera-
py. For example, platinum therapy with peme-
trexed is the first choice for the treatment of 

adenocarcinoma, whereas platinum plus gem-
citabine or taxane is more commonly used to 
treat squamous cell carcinoma [6]. However, 
the adverse effects and drug resistance of che-
motherapeutic drugs limit the application, and 
it is difficult for many patients with advanced 
lung cancer to complete chemotherapy [7]. 
Although there have been great breakthroughs 
in the treatment of NSCLC in the past few 
decades, and although surgical treatment 
methods are constantly being updated, when it 
comes to drug treatment, traditional chemo-
therapeutic drugs still lack specific targeting for 
NSCLC [8-10]. For adenocarcinoma patients 
with epidermal growth factor receptor (EGFR), 
anaplastic lymphoma kinase (ALK), reactive 
oxygen species 1 (ROS1), and serine/threonine 
kinase mutations, tyrosine kinase inhibitors 
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can effectively be used for treatment, and ther-
apies targeting the respective encoding genes 
are more effective than traditional chemothera-
py and radiotherapy strategies [6]. Many newly 
discovered cancer-promoting changes, such as 
overexpression of the transcription factors 
SOX2 and MYC, pose clear challenges to cur-
rent treatment methods [11, 12]. According to 
current understanding, more effective methods 
may need to target tumor cells as well as other 
components of the tumor.

With the in-depth study of the JAK2/STAT3 sig-
naling pathway, it is found that the JAK2/STAT3 
signaling pathway plays a very critical role in 
the occurrence and development of many 
tumors [13, 14]. JAK genes, especially JAK2, 
often mutate in myeloproliferative tumors, 
resulting in constitutive activation of JAK2/
STAT3 signaling [15]. STAT3 is an important 
functional protein involved in tyrosine phos-
phorylation signaling in the cytoplasm, and it 
regulates multiple oncogenic signaling path-
ways. In lung cancer, breast cancer, prostate 
cancer, melanoma, and so on, the majority of 
tumor tissues continue to show activated phos-
phorylation of STAT3 [13, 16-18]. STAT3 and 
STAT5 promote the growth and progression of 
breast cancer [19]. Targeted therapy for the 
JAK2/STAT3 signaling pathway has great appli-
cation potential, and the JAK2/STAT3 signaling 
pathway can become a key point in regulating 
cell life activities, and it will also become a tar-
geted site for tumor treatment [20, 21]. The 
JAK2/STAT3 pathway is being explored as a 
potential therapeutic target for breast cancer 
patients [22]. However, its role in NSCLC 
remains unclear.

In this study, we investigated the antitumor 
effect of the newly synthesized compound 
Cyy260. Cyy260 was found to inhibit the growth 
and migration of tumor cells both in vitro and in 
vivo, and it blocked the cell cycle and promoted 
apoptosis through the JAK2/STAT3 pathway. 
The results suggest that Cyy260 has great 
potential as a new drug for the treatment of 
NSCLC.

Materials and methods

Cells and cell culture

Human NSCLC cells (A549, H1975, and PC-9), 
normal human lung epithelial cells (Beas-2B), 

and normal human liver cells (LO2) were 
obtained from the Cell Resource Center of the 
Shanghai Institute of Biological Sciences, 
Chinese Academy of Sciences. The A549 cells 
were cultured in Roswell Park Memorial Ins- 
titute (RPMI)-1640 medium (Gibco) and 10% 
fetal bovine serum. The H1975 and PC-9 cells 
were cultured in high-glucose DMEM supple-
mented with 10% fetal bovine serum. All cells 
were cultured at 37°C in an incubator contain-
ing 5% carbon dioxide.

Reagents and antibodies

A stock solution of Cyy260 (20 mM) was pre-
pared by using dimethyl sulfoxide (DMSO) pur-
chased from Sigma-Aldrich Co. The Annexin 
V-Fluorescein Isothiocyanate Apoptosis Detec- 
tion Kit I and propidium iodide were purchas- 
ed from BD Pharmingen (Franklin Lakes, New 
Jersey, USA). The phosphatase inhibitor used  
in this study was a protease inhibitor patented 
by the People’s Republic of China. Acrylamide 
(30%), Coomassie Brilliant Blue, tetramethyle-
thylenediamine, triglycine, sodium lauryl sul-
fate, protein markers, and skimmed milk pow-
der were all obtained from Bio-Rad Laborato- 
ries. The antibodies used in this experiment 
were: P-JAK2 (Cell Signaling Technology, 
#3774S), JAK2 (Cell Signaling Technology, 
#3230S), P-PI3K (Cell Signaling Technology, 
#4228S), P-AKT (Cell Signaling Technology, 
#4060S), AKT (Cell Signaling Technology, 
#4691S), P-mTOR (Cell Signaling Technology, 
#5536S), mTOR (Cell Signaling Technology, 
#2983S), P-STAT3 (Abcam, EP2147Y), STAT3 
(Cell Signaling Technology, #12640S), MCL-1 
(Cell Signaling Technology, #4572S), BAX 
(Abcam, E63), CL-caspase3 (Abcam, E83-77), 
CDC2 (Cell Signaling Technology, #28439S), 
Cyclin B1 (Cell Signaling Technology, #4135- 
S0), Cyclin A2 (Cell Signaling Technology, 
#4656S), and GAPDH (Cell Signaling Techno- 
logy, #5174S).

MTT cell viability assay

The A549, H1975, and PC-9 cells were implant-
ed into 96-well plates, and 4×103 cells were 
cultured overnight. After sticking to the wall, 
Cyy260 was added according to the set drug 
concentrations, and the MTT solution was 
added (25 μL/well) after 48 h. This was placed 
in the incubator for 4-6 h, then dimethyl sulfox-
ide was added (150 μL/well). The absorbance 
was measured at 490 nm with a microplate 
reader.
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Colony formation assay

The human NSCLC cells were inoculated on a 
6-well plate (1000 cells/well) and incubated 
overnight at 37°C in an incubator containing 
5% carbon dioxide. When the cells were treated 
with different concentrations of drugs (1, 2, and 
4 μM), the medium was discarded when the 
cells were dead. The medium was then replaced 
every 2 days, and the cells were left to grow for 
7 days. The cells were washed with phosphate-
buffered saline (PBS) for 3 times, fixed with 4% 
paraformaldehyde for 10 min at room tempera-
ture, then washed with PBS for 3 times, and 
then stained with crystal violet for 20 min.

Cell apoptosis assay

The NSCLC cells were planted on a 6-well plate 
and incubated overnight. The cells were treated 
with different concentrations of Cyy260 for 48 
h (1, 2, and 4 μM). The treated cells were simul-
taneously incubated with fluorescein-labeled 
annexin V and propidium iodide. All samples 
were analyzed on a NovoCyte (ACEA Bioscienc- 
es Inc.), and the data were evaluated by using 
NovoExpressTM software.

Cell cycle assay

After treating the cells with different drug con-
centrations for 24 h (1, 2, and 4 μM), the cells 
were collected, washed with PBS for twice, and 
fixed with ice-cold absolute ethanol at -20°C for 
more than 8 h. Then, the cells were washed 
with PBS twice at room temperature. They were 
then stained with propidium iodide for 10 min 
and analyzed by flow cytometry.

Hoechst 33342 staining

After the cells were spread overnight on a 6-well 
plate and adhered to the wall, they were treated 
with different drug concentrations for 24 h (1, 
2, and 4 μM), washed twice with PBS, fixed with 
4% paraformaldehyde for 15 min, and washed 
with PBS for 3 times, 5 min each time. The cells 
were stained with Hoechst 33342 for 20 min, 
then observed with a fluorescence microsco- 
pe.

Western blot analysis

The cancer cells were collected 24 h after the 
drug was applied. The cells were lysed on ice 

with a lysis buffer supplemented with prote-
ase/phosphatase inhibitors for 10 min, then 
the total protein was extracted. The protein was 
separated by using 10% SDS-PAGE and trans-
ferred to a polyvinylidene difluoride membrane, 
then the blot was blocked with 10% non-fat 
milk at room temperature for 90 min. This was 
incubated with the primary antibody at 4°C 
overnight. After washing with PBS for 3 times, 
the membrane was incubated with the second-
ary antibody for 1 h, and the protein bands 
were visualized by using an enhanced chemilu-
minescence detection kit (Pierce Biotechno- 
logy).

Transient transfection of small interfering RNA 
(siRNA)

The siRNA targeting human JAK2 was pur-
chased from Genepharma (Shanghai, China) 
with the following sequence: siJAK2-1: 5-GG- 
AUGGCAGUGUUAGAUAUTT-3, siJAK2-2: 5-CCA- 
CCUGAA UGCAUUGAAATT-3, siJAK2-3: 5-CCU- 
GGUGAAAGUCCCAUAUTT-3. Cells were trans-
fected with 50 nM siRNA using Lipofectamine 
3000 (Invitrogen, CA, USA) for 48 h. The overex-
pression vectors JAK2 was purchased from 
Takara Biotechnology Co., Ltd. (Dalian, China).

Immunofluorescent staining

A small amount of cancer cells was evenly dis-
tributed at the bottom of the 6-well plate and 
cultured overnight in an incubator at 37°C. 
After adhering to the wall, they were fixed with 
4% paraformaldehyde for 15 min, then soaked 
and washed 3 times with PBS. After 30 min of 
infiltration, they were washed with PBS for 3 
times, then sealed with sealing solution for 1 h. 
Each well was supplied with sufficient diluted 
primary antibody and incubated at 4°C over-
night. Then, goat anti-rabbit antibody IgG was 
used as the secondary antibody. The antibody 
was incubated at 37°C for 1 h, and images 
were observed by using a confocal micro- 
scope.

Xenograft model

Twenty-six immunodeficient BALB/c nude fe- 
male mice (4-6 weeks old) were kept in the SPF 
animal room of Wenzhou Medical University for 
in vivo experiments. All mice were purchased 
and raised uniformly by the Animal Experiment 
Center of Wenzhou Medical University. In the 
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lung cancer xenograft model, the A549 cancer 
cells (5×105 cells/0.1 mL) were subcutaneously 
implanted into the axillae of the mice. Mung 
bean sized tumors could be seen or felt within 
10-15 days after tumor cell implantation. The 
mice were divided into 4 groups (2 mice without 
tumor formation), and the average body weight 
and tumor volume of each group showed no 
significant differences. The groups included the 
control group (6 mice in each group), the low 
concentration group (6 mice in each group, 1 
mg/kg), the high concentration group (6 mice 
in each group, 4 mg/kg), and the positive con-
trol group (Ruxolitinib, 6 mice in each group, 4 
mg/kg). The treatment groups were intraperito-
neally administered Cyy260 or Ruxolitinib every 
three days. Before each injection, we measured 
the length (L), width (W), and volume (V=0.5× 
L×W2) of the tumor. On the 16th day of drug 
injection, the animals were executed in anes-
thesia with CO2 and sacrifced at the end of 
study. Their corpses were unified with harmless 
treatment. All animal experiments were con-
ducted using protocols approved by The 
Wenzhou Medical University Animal Policy and 
Welfare Committee.

Statistical analysis

Except for the animal model experiment, all 
experiments were repeated at least 3 times 
independently. The data were expressed as the 
standard deviation (SD) of the mean. All statis-
tical data were calculated by using GraphPad 
Prism 8 (GraphPad Software, Inc., La Jolla, CA, 
USA), and the student’s t-test or one-way analy-
sis of variance was used to determine statisti-
cal differences between groups. P<0.05 was 
considered statistically significant. ImageJ soft-
ware (National Institutes of Health, Bethesda, 
MD, USA) was used for western blot analysis 
quantification. The half-inhibitory concentra-
tion (IC50) value was also calculated by using 
GraphPad Prism 8.

Results

Cyy260 inhibits the growth and proliferation of 
NSCLC cells

First, we investigated the biological effects of 
the newly synthesized organosilicon compound 
Cyy260 on NSCLC cells in vitro (Figures 1A  
and S1). The results showed that different drug 
concentrations and treatment time inhibited 

NSCLC cell proliferation (Figure 1B, 1C). The 
IC50 values obtained at 48 h were 1.007 μM 
for the A549 cells, 0.651 μM for the PC-9 cells 
and 2.117 μM for the H1975 cells (Figure 1B). 
The colony formation assay also showed that 
Cyy260 inhibited colony formation (Figure 1D). 
In order to verify the anti-tumor activity of 
Cyy260, we selected the JAK2 inhibitors 
Ruxolitinib (Rux) and Momelotinib (Mom), which 
have been proven to have anti-tumor activity in 
NSCLC [23-25], and compared the anti-tumor 
activity with Cyy260. MTT cell viability assay 
showed that Cyy260 inhibited tumor cell activi-
ty more significantly than Rux and Mom (Figure 
1E). Colony formation assay also showed that 
Cyy260 inhibited tumor cell proliferation more 
significantly (Figure 1F). In addition, the MTT 
and colony formation assay showed that 
Cyy260 had low toxicity toward Beas-2B and 
LO2 (Figure 1G, 1H). These results suggest that 
Cyy260 is safe for normal cells and has strong 
cytotoxicity toward NSCLC cells.

Cyy260 inhibits the invasion and migration of 
NSCLC cells

In addition to its direct antitumor effect, we 
also evaluated the effect of Cyy260 on NSCLC 
cell migration and invasion. We tested the 
inhibitory effect of Cyy260 on the migration 
and movement of PC-9 and H1975 cells by 
using scratch healing assay. The results showed 
that the migration ability of the NSCLC cells 
decreased in a concentration-dependent man-
ner after treatment with Cyy260 for 24 h 
(Figure 2A). Next, we evaluated the invasive-
ness of NSCLC cells by using transwell assay. 
Cyy260 reduced the invasiveness of PC-9, 
H1975 and A549 cells in a concentration-
dependent manner (Figure 2B). Similarly, we 
performed transwell assay to compare the 
inhibitory effects of Cyy260, Rux, and Mom on 
NSCLC cell invasion. Transwell assay results 
show that Cyy260 has a more significant inhibi-
tory effect on NSCLC cell invasion (Figure S2). 
MMP-2, which is an important enzyme that 
degrades the extracellular matrix, plays an 
important role in mediating tumor angiogene-
sis, metastasis, and invasion [26]. Western blot 
analysis found that MMP-2 also decreased in a 
concentration-dependent manner in the NSCLC 
cells (Figure 2C). Our results suggest that 
Cyy260 has a good ability to inhibit the migra-
tion and invasion of NSCLC cells.
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Figure 1. Cyy260 inhibits the growth and proliferation of NSCLC cells. A. Schematic diagram of the structure of 
Cyy260. B. The MTT method was used to detect the rate of cell survival. Lung cancer cells were treated with different 
concentrations of Cyy260 for 48 h (0, 0.01, 0.05, 0.1, 0.5, 1, 2.5, 5, 10, 20 μM). The absorbance of live cells was 
measured by using a microplate reader, and the IC50 value was calculated by using GraphPad Prism 8. C. NSCLC 
cells were treated with different concentrations of Cyy260 for 24, 48, and 72 h. The absorbance of live cells was 
measured by using a microplate reader, and graphs were created by using GraphPad Prism 8 to show the effect 
of Cyy260 on lung cancer cells at different times. D. The colony formation assay was used to detect the effect of 
Cyy260 on the viability of NSCLC cells. Lung cancer cells were treated with different concentrations of Cyy260 (1, 2, 
and 4 μM) for 24 h, incubated in an incubator for 1 week, fixed with 4% paraformaldehyde, stained with crystal vio-
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Cyy260 induces cell cycle arrest in NSCLC 
cells

We next explored whether Cyy260 could induce 
cell cycle arrest. We treated the A549, PC-9, 
and H1975 cells with different concentrations 
of Cyy260 for 24 h, then we analyzed the cells 
by flow cytometry. The results showed that 
when the drug concentration increased, the 
ratio of cells in the G2/M phase increased sig-
nificantly (Figure 3A). This suggested that 
Cyy260 has a blocking effect on the G2/M 
phase of the cell cycle. We then detected the 
levels of cell cycle-related proteins, including 
Cyclin B1, Cyclin A2, and CDC2. After Cyy260 
treatment, these cell cycle-related proteins 
were significantly reduced (Figure 3B). This 
result was consistent with the cell cycle arrest 
of NSCLC cells in the G2/M phase induced by 
Cyy260.

Cyy260 induces the apoptosis of NSCLC cells

To determine whether apoptosis was related to 
the inhibition of tumor cell growth induced by 
Cyy260, the annexin V and propidium iodide 
staining method was used to detect the apop-
tosis-inducing effect of Cyy260. We treated the 
NSCLC cells with different concentrations of 
Cyy260 for 48 h. The PC-9 and H1975 cells all 
exhibited dose-dependent apoptosis (Figure 
4A). Cyy260 significantly induced cell apopto-
sis at high concentrations, while it induced less 
apoptosis at low concentrations. We also used 
the same concentration (4 μM) of Cyy260, Rux 
and Mom to act on NSCLC cells. The results of 
flow cytometry assay showed that Cyy260 has 
a stronger effect on promoting cell apoptosis 
(Figure S3). Hoechst 33342 is a specific DNA 
dye. This dye can stain dead cells immediately, 
while the staining of living cells is progressive. 

The living cell nuclei showed diffuse and uni-
form fluorescence, and when the drug-treated 
cells exhibited apoptosis, the nuclei exhibited 
dense staining, with granular and clumped fluo-
rescence (Figure 4B). We further determined 
the levels of apoptosis-related proteins CL- 
Caspase-3 and BAX in the NSCLC cells after 
Cyy260 treatment. Consistent with the flow 
cytometry results, we found that Cyy260 in- 
creased the levels of CL-Caspase-3 and BAX in 
a concentration-dependent manner after 48 h 
(Figure 4C). These data suggest that Cyy260 
promotes NSCLC cell apoptosis in vitro.

Cyy260 inhibits NSCLC cells by blocking the 
JAK2/STAT3 pathway

High-throughput screening of our kinase-
focused libraries identified Cyy260 as a potent 
JAK2 inhibitor, with a biochemical IC50 value of 
7.0 nM. To understand the mechanism of 
Cyy260 selectively inhibiting the JAK2 signaling 
pathway, we studied the effect of Cyy260 on 
JAK2 and its downstream proteins. We used 
different drug concentrations to act on the 
A549 and PC-9 cells (1, 2, and 4 μM). The 
results showed that the content of P-JAK2, 
P-PI3K, P-AKT, P-mTOR, and P-STAT3 decreased 
significantly in a concentration-dependent 
manner, while the total protein level had no 
change (Figure 5A). This suggested that 
Cyy260 can inhibit the activation state of JAK2 
and its downstream proteins. Furthermore, 
Cyy260 was more effective than Ruxolitinib (4 
μM), which is a JAK2 inhibitor (Figure 5B). At 
the same time, we detected the upstream of 
JAK2. The same Cyy260 concentration gradi-
ent affects H1975 and PC-9 cells. The results 
of western blot analysis show that Cyy260 has 
no obvious inhibitory effect on the GP130 and 
IL-6R proteins in the upstream of JAK2 (Figure 

let, and photographed under a microscope. *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001. E. The MTT method was 
used to detect the rate of cell survival. PC-9 and A549 cells were treated with different concentrations of Cyy260, 
Rux and Mom for 48 h (0, 0.01, 0.05, 0.1, 0.5, 1, 2.5, 5, 10, 20 μM). The absorbance of live cells was measured 
by using a microplate reader, and graphs were created by using GraphPad Prism 8. F. The colony formation assay 
was used to detect the effect of Cyy260 on the viability of PC-9 and A549 cells. NSCLC cells were treated with same 
concentrations of Cyy260, Rux and Mom (4 μM) for 24 h, incubated in an incubator for 1 week, fixed with 4% para-
formaldehyde, stained with crystal violet, and photographed under a microscope. G. The MTT method was used to 
detect the rate of cell survival. Beas-2B and LO2 cells were treated with different concentrations of Cyy260 for 48 
h (0, 0.01, 0.05, 0.1, 0.5, 1, 2.5, 5, 10, 20 μM). The absorbance of living cells was detected by using a microplate 
reader, and the IC50 value was calculated by using GraphPad Prism 8. H. The colony formation assay was used to 
detect the effect of Cyy260 on the viability of Beas-2B and LO2 cells. Beas-2B and LO2 cells were treated with dif-
ferent concentrations of Cyy260 (1, 2, and 4 μM) for 24 h, incubated in an incubator for 1 week, fixed with 4% para-
formaldehyde, stained with crystal violet, and photographed under a microscope. The statistical data are presented 
as the mean ± standard deviation from 3 independent experiments. 
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Figure 2. Cyy260 inhibits the invasion and migration of lung cancer cells. A. The cell scratch assay was used to de-
termine the effect of Cyy260 on tumor cell migration. After PC-9 and H1975 cells adhered to the wall, a small pipette 
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tip was used to gently draw a hollow mark on the cells. When the drug was added, the cell migration was inhibited, 
while the cells without the drug maintained their original migration ability; after 24 h, the scratches were partially 
covered by migrated cells. **P<0.01, ***P<0.001, ****P<0.0001. B. The transwell assay was used to measure the ef-
fect of Cyy260 on tumor cell invasion. NSCLC cells were added to the chamber and incubated at 37°C for 24 h. After 
the cells adhered to the wall, the cells that invaded the chamber were fixed, stain with crystal violet, and washed 
with PBS for 3 times. The quantitative number of cells was checked under a microscope (40× magnification). C. 
Western blot analysis results showed that MMP-2 decreased in a drug concentration-dependent manner. *P<0.05, 
**P<0.01, ***P<0.001, ****P<0.0001.

Figure 3. Cyy260 induces cell cycle arrest in NSCLC cells. A. Flow cytometry analysis was used to show the effect of 
Cyy260 on the cell cycle of lung cancer cells. After Cyy260 treatment with different concentrations for 24 h, the cell 
cycle analysis results showed that Cyy260 had a blocking effect on the G2/M phase. The experiment was repeated 
3 times independently. B. Western blot analysis of the cell cycle-related proteins CDC2, Cyclin B1, and Cyclin A2 in 
PC-9, H1975 and A549 cells was performed.

5C). To further confirm the inhibitory effect of 
Cyy260 on JAK2, we used interleukin-6 (IL-6), 

which is a JAK2 upstream cytokine, to activate 
JAK2 for 30 min. The results showed that 
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Figure 4. Cyy260 induces the apoptosis of NSCLC cells. A. Flow cytometry analysis was used to show the effect of 
Cyy260 on lung cancer cell apoptosis. After treating PC-9 and H1975 cells with different concentrations of Cyy260 
for 48 h, they were stained with annexin V and propidium iodide and analyzed by flow cytometry. The experiment 
was repeated 3 times independently. *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001. B. H1975 and A549 cells were 
treated with Cyy260 for 24 h, fixed with 4% paraformaldehyde, washed with PBS for 3 times, and stained with 
Hoechst 33342. The morphological characteristics of apoptosis were observed under a fluorescence microscope. 
***P<0.001. C. Western blot analysis of the apoptosis-related proteins BAX and CL-Caspase3 in NSCLC cells was 
performed. 
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Figure 5. Cyy260 inhibits NSCLC cells by blocking the JAK2/STAT3 signaling pathway. A. Western blot analysis was 
used to analyze the inhibitory effect of Cyy260 on JAK2 and its downstream proteins. B. The JAK2 inhibitor ruxoli-
tinib (Rux) was used as a positive control to compare the inhibitory effect of Cyy260 on JAK2 and its downstream 
proteins. C. Western blot analysis was used to analyze the inhibitory effect of Cyy260 on JAK2 upstream proteins 
GP130 and IL-6R. D. The cells were pretreated with different concentrations of Cyy260 for 24 h, then the cells were 
stimulated with IL-6 (50 ng/mL) for 30 min. The total cell protein was extracted for Western blot analysis. E. H1975 
and PC-9 cells were treated with Cyy260 without serum for 24 h, and IL-6 (50 ng/mL) was used for stimulation for 30 
min. The NE-PER™ Nuclear and Cytoplasmic Extraction Reagent Kit was used to isolate cytoplasmic nucleoprotein, 
and the distribution of STAT3 in cells was determined by using Western blot analysis. F. A statistical graph of STAT3 
protein distribution in the cytoplasm and nucleus was created. *P<0.05, **P<0.01. G. For the immunofluorescence 
experiment, PC-9 lung cancer cells were pretreated with Cyy260 for 24 h, then stimulated with IL-6 (25 ng/mL) for 
30 min. STAT3 nuclear translocation was detected by using a confocal microscope. *P<0.05, **P<0.01, ***P<0.001.
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Figure 6. JAK2/STAT3 pathway is involved in the antitumor effect of NSCLC cells mediated by Cyy260. A. Western 
blot analysis was used to detect the effect of JAK2 protein silencing. B. Western blot analysis was used to detect the 
effect of JAK2 protein overexpression. C. After silencing the JAK2 protein (si-JAK2) in the cells for 24 h, the cells were 
digested and spread on a 96-well plate (4000 cells/well). Then, the cells were treated with different concentrations 
of Cyy260 (1, 2, and 4 μM) for 48 h. The MTT method was used to detect the effect of Cyy260 on lung cancer cell 
viability after JAK2 silencing. **P<0.01, ***P<0.001, ****P<0.0001. D. After overexpressing the JAK2 protein (JAK2-
OE), the cells were spread on a 96-well plate (4000 cells/well). Then, the cells were treated with different concentra-
tions of Cyy260 (1, 2, and 4 μM) for 48 h. The MTT method was used to detect drug resistance. The effect on lung 



Cyy260 as a novel JAK2/STAT3 inhibitor

4252 Am J Cancer Res 2021;11(9):4241-4258

Cyy260 directly inhibited JAK2 and down-
stream STAT3 phosphorylation induced by IL-6 
(Figure 5D). Further, to explore the effect of 
Cyy260 on the JAK2/STAT3 pathway, we used 
IL-6 to stimulate the phosphorylation of STAT3 
into the nucleus. After the action of Cyy260, 
the nuclear translocation of STAT3 induced by 
IL-6 was blocked in a concentration-dependent 
manner (Figure 5E, 5F). Immunofluorescence 
showed the same results (Figure 5G). These 
results suggest that Cyy260 may induce cell 
cycle arrest and activate apoptosis by inhibiting 
the JAK2/STAT3 pathway.

JAK2/STAT3 pathway is involved in the antitu-
mor effect of NSCLC cells mediated by Cyy260

To further study whether Cyy260 regulates the 
occurrence and development of NSCLC by JAK2 
pathway, we downregulated JAK2 (si-JAK2) and 
overexpressed JAK2 (JAK2-OE) in NSCLC cells 
to artificially regulate JAK2 levels. We transfect-
ed the A549, H1975, and PC-9 cells with siRNA 
#1, siRNA #2, siRNA #3, and JAK2-OE for 48 h 
(Figure 6A, 6B). Western blot analysis results 
showed that in H1975 cells, the silencing effect 
of siRNA #2 and siRNA #3 was better than that 
of siRNA #1, so we chose siRNA #2 and siRNA 
#3 for the following experiment. The MTT 
results showed that compared with the cells 
treated with Cyy260 alone, the viability of the 
H1975 and PC-9 cells with JAK2 silencing was 
not significantly reduced after Cyy260 treat-
ment (Figure 6C). At the same time, JAK2 over-
expression made the cells more sensitive to 
Cyy260, and their viability were significantly 
reduced (Figure 6D). The colony formation 
assay had the same results (Figure 6E). Flow 
cytometry results showed that silencing JAK2 
reduced the apoptosis rate of the A549 and 
PC-9 cells treated with Cyy260, while overex-
pressing JAK2 increased the apoptosis rate of 
the cells treated with Cyy260 (Figure 6F). This 

suggested that JAK2 is involved in the apopto-
sis of NSCLC cells treated with Cyy260. After 
silencing JAK2, the phosphorylation level of 
JAK2 and its downstream proteins was reduced 
to the same level as in cells treated with 
Cyy260. However, the levels of the apoptotic 
proteins CL-Caspase-3 and BAX in the group 
with JAK2 silencing and Cyy260 treatment 
were lower than those in the Cyy260 alone 
group (Figure 6G). To further study the relation-
ship between JAK2 pathway and Cyy260, we 
established a cell population containing a JAK2 
overexpression vector (JAK-OE). The results 
showed that compared with the Cyy260 alone 
group, the levels of CL-Caspase-3 and BAX in 
the group with JAK2-OE and Cyy260 treatment 
were significantly increased (Figure 6H). The 
above results suggest that JAK2 may be the 
target of Cyy260. In addition, similar to silenc-
ing STAT3 (Figure 6I), Cyy260 downregulated 
the level of the MCL-1 protein downstream of 
STAT3 (Figure 6J), partially showed that Cyy260 
mediated the tumor suppressor phenotype.

Cyy260 inhibits the growth of lung cancer cells 
in nude mice

Given the significant toxicity of Cyy260 toward 
NSCLC cells in vitro, we further studied the effi-
cacy of Cyy260 in xenograft tumor models. 
BALB/c nude mice were subcutaneously inocu-
lated with the A549 lung cancer cells to create 
a tumor model to evaluate the antitumor activ-
ity of Cyy260 in vivo. Intraperitoneal injections 
were administered every three days, and the 
JAK2-targeted therapy drug Ruxolitinib was 
used as a positive control (4 mg/kg). Cyy260 
caused decreased tumor growth in the xeno-
graft model. The results showed that the tumor 
volume and size of the mice in the Cyy260 
treatment groups were significantly smaller 
than those in the positive control group (Figure 
7A-D), and the weight of the nude mice was 

cancer cell viability after overexpressing the JAK2 protein was observed. ***P<0.001, ****P<0.0001. E. H1975 and 
PC-9 cells were treated with si-JAK2 or JAK2-OE combined with Cyy260 for 24 h, and the effect on colony formation 
and cell proliferation was assessed. F. A549 and PC-9 cells were treated with si-JAK2 or JAK2-OE combined with 
Cyy260 for 48 h. The cells were double stained with annexin V and propidium iodide, then analyzed by flow cytom-
etry. **P<0.01, ****P<0.0001. G. The JAK2 protein was silenced in A549 and PC-9 cells for 24 h, then the cells were 
treated with different concentrations of Cyy260 for 24 h. Western blot analysis was used to detect the effect of JAK2 
silencing plus Cyy260 treatment in lung cancer cells on JAK2 and its downstream proteins. H. After A549 and PC-9 
cells overexpressed the JAK2 protein for 24 h, they were treated with different concentrations of Cyy260 for 24 h. 
Western blot analysis was performed to detect the effect of JAK2 overexpression plus Cyy260 treatment in lung 
cancer cells on JAK2 and its downstream proteins. I. Western blot analysis was used to detect the effect of silencing 
STAT3. J. Western blot analysis was used to detect changes in the downstream protein MCL-1 after STAT3 silencing 
and after Cyy260 treatment. GraphPad Prism 8 was used to make a statistical chart. **P<0.01, ***P<0.001.
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stable. The hematoxylin eosin (H&E) staining 
analysis was used to detect the toxic effects of 
Cyy260 on the normal tissues of the hearts, liv-
ers, lungs and kidneys. The results of the exper-
iment showed no inflammation or necrosis in 
the tissues, which proved that Cyy260 has no 
toxic effect on normal tissues in the body 
(Figure S4A). Regarding the mechanism, we 
found that as the concentration of Cyy260 
increased, the phosphorylation of JAK2 and its 
downstream proteins were significantly inhibit-
ed, and the apoptotic proteins CL-Caspase-3 
and BAX were significantly activated. More- 
over, the cell cycle-related proteins Cyclin B1, 
Cyclin A2, and CDC2 were inhibited (Figure 7E). 
Immunohistochemical analysis also showed 
that Cyy260 can inhibit the phosphorylation of 
JAK2 and STAT3, inhibit the proliferation-relat-
ed protein Ki67, and activate the apoptotic pro-
tein CL-Caspase-3 (Figure S4B). The above 
results suggest that Cyy260 has a strong anti-
tumor effect in NSCLC cells in xenograft tumor 
models, and that Cyy260 is a promising non-
toxic drug for the treatment of NSCLC in vivo 
and in vitro.

Discussion

Research increasingly shows that the JAK2/
STAT3 pathway is involved in tumor progression 
and metastasis [13, 14]. Activation of the 
JAK2/STAT3 pathway promotes pancreatic can-
cer growth and chemotherapy tolerance [27]. 
CpG-B inhibits activation of the JAK2/STAT3 
pathway to counter immune suppression [13]. 
Macrophages stimulate the migration and inva-
sion of ovarian cancer cells by mediating  
activation of the JAK2/STAT3/MMP-9 pathway, 
and autophagy regulates the JAK2/STAT3 path-
way in B-cell lymphoma and glioblastoma [28-
30]. After years of research, the tumor-promot-
ing effect of the JAK2/STAT3 pathway in other 
malignant tumors has been partially verified 
[31]. However, the mechanism of the develop-
ment of NSCLC mediated by the JAK2/STAT3 
pathway needs further research. These studies 
prompted us to further explore the role of the 
JAK2/STAT3 pathway in NSCLC.

The small molecule compounds are being wide-
ly studied as effective anticancer drugs due to 
their low cytotoxicity toward normal cells, wide 
therapeutic range, and high-efficiency tumor 
inhibitory effect [32]. Currently, a variety of 
small molecule JAK2 inhibitors have entered 
into clinical research, including the JAK1/2 
inhibitor Ruxolitinib, which was approved for 
use in patients with myelofibrosis in 2011 and 
for use in hydroxyurea-resistant or -intolerant 
polycythemia vera patients in 2014 [33]. Our 
research group used Ruxolitinib as a positive 
control. Our experiments showed that Cyy260 
had a stronger inhibitory effect than Ruxolitinib 
on the activation of JAK2. There are other JAK2 
inhibitors, but many have been discontinued, 
mainly because of strong side effects. A promi-
nent example is Fedratinib. In a randomized 
trial with a placebo as an active control, Fe- 
dratinib was associated with Wernicke enceph-
alopathy in 4 patients. Further, Fedratinib may 
cause severe vitamin B1 deficiency-induced 
encephalopathy, and 1 person died in clinical 
trials [34]. The JAK2/Src inhibitor NS-018 is 
currently undergoing phase II trials in myelofi-
brosis patients. In vitro experiments have 
shown that the preparation is 4.3 times more 
selective for JAK2’s single somatic mutation 
V617F than for wild-type JAK2. However, the 
second stage results showed 3 cases of persis-
tent splenic reactions, and side effects, such 
as nausea, diarrhea, fatigue, and adverse neu-
rological events (mainly dizziness), occurred in 
17% of patients [35]. Therefore, the potential of 
NS-018 as a clinical drug needs further explo-
ration. SB1317 is an inhibitor of CDK2, JAK2, 
and FLT3. High doses of SB1317 can signifi-
cantly inhibit tumor growth, but low doses have 
little effect [36]. Gandotinib is a small mole- 
cule inhibitor that is more selective for JAK2 
than for JAK1, but it was shown to be less 
potent in IL-3-treated wild-type JAK2-dependent 
cellular assays, suggesting that Gandotinib 
influence on IL-3-dependent erythroid lineage 
development may be small [37].

Cyy260 is our newly synthesized small mole-
cule inhibitor. In the current study, we investi-
gated the biological effects of Cyy260 on 

Figure 7. Cyy260 inhibits the growth of lung cancer cells in nude mice. A. Tumor volume was measured every 3 
days. *P<0.05, ***P<0.001. B. Tumor weight after death in the nude mice was measured. **P<0.01, ***P<0.001, 
****P<0.0001. C. The body weight of the mice was measured every 3 days. D. A graph of the tumors in the different 
groups was created. E. Western blot analysis was performed on the target proteins after lysis by tumor cell lysis 
buffer.
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NSCLC cells both in vivo and in vitro. We proved 
that Cyy260 can inhibit the proliferation, migra-
tion, and invasion of NSCLC cells. Cell cycle 
regulation includes several checkpoints, most 
of which are related to the activation of cyclins. 
The G2/M checkpoint is the last checkpoint to 
prevent cells with DNA damage from entering 
the mitotic phase, and the CDC2-Cyclin B com-
plex is a key factor in the regulation of the G2/M 
checkpoint [38]. In our study, Cyy260 induced 
cell cycle arrest in the G2/M phase. One of the 
reasons why malignant tumors can grow indefi-
nitely is damage to the apoptosis program, so 
regulating apoptosis-related pathways is a 
promising tumor treatment strategy [39]. 
Apoptosis is strictly and complicatedly regulat-
ed. Its regulation can be achieved through 
death receptors, mitochondria, apoptosis inhib-
itor proteins, caspases, and other factors, and 
it can also be regulated by related signal trans-
duction pathways [40]. In this study, flow cytom-
etry data showed that Cyy260 promoted cell 
apoptosis and activated internal and external 
apoptotic pathways via activation of proapop-
totic protein CL-Caspase-3 and BAX. Intere- 
stingly, although our cell proliferation experi-
ment results showed that the inhibitory effect 
of Cyy260 on NSCLC cells was time- and con-
centration-dependent, our flow cytometry anal-
ysis results only showed concentration-depen-
dent inhibition. This difference may be due to 
Cyy260-activated non-apoptotic cell death 
pathways, such as autophagy and iron effects. 
Detailed exploration is necessary in future 
research. Both JAK2 and STAT3 are composed 

phorylation of PI3K, AKT, and mTOR. Therefore, 
inhibitors such as JAK2 and mTOR inhibitors 
can inhibit the activity of STAT3 and be used in 
the treatment of NSCLC caused by STAT3 acti-
vation. To determine the possible target of 
Cyy260, we artificially downregulated or upreg-
ulated JAK2 levels in NSCLC cells. Although  
the signaling pathway was still blocked, JAK2 
knockdown partly abolished the effect of 
Cyy260-mediated tumor suppression on cell 
proliferation and apoptosis. However, the phar-
macokinetic characteristics and side effects of 
Cyy260 are still unclear. The exact cellular 
mechanism and true clinical value need to be 
further studied.

In conclusion, this study confirmed the antitu-
mor effect of Cyy260 on NSCLC cells in vivo 
and in vitro. Our results suggest that Cyy260 
can promote the apoptosis of NSCLC cells and 
inhibit the proliferation of NSCLC cells by block-
ing the G2/M phase, and it can inhibit the pro-
gression of NSCLC cells by inhibiting the JAK2/
STAT3 pathway (Figure 8). In summary, Cyy260 
is a potential drug candidate for the treatment 
of NSCLC.
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Figure S1. Designed and synthesized acetyl-bufalin.

Nucleophilic substitution between Commercial source of 2,4-dichloro-5-methylpyrimidine and 
1H-indazol-6-amine gave intermediate 2, which was condensated with previously prepared 3-(4-meth-
ylpiperazin-1-yl) aniline to produce the target compound 260 with a satisfactory yield.

Synthesis of N-(2-Chloro-5-methylpyrimidin-4-yl)-1H-indazol-6-amine (2)

To a solution of 2,4-dichloro-5-methylpyrimidine (0.32 g, 2.0 mmol) and N, N-diisopropylethylamine 
(DIPEA) (0.52 g, 4.0 mmol) in N, N-dimethylformamide (DMF) (5 mL) was added 1H-indazol-6-amine 
(0.27 g, 2.0 mmol) at ice-bath temperature, the mixture was stirred at this temperature for 1 hour. The 
reaction solution was then allowed to warm up to room temperature and the reaction completion was 
checked by TLC. The resulting solution was quenched with saturated aqueous NH4Cl (10 mL) and 
extracted with EtOAc (3×25 mL). The combined organic layers were washed with water (50 mL), brine 
(50 mL), dried over anhydrous NaSO4, filtered, and concentrated in vacuo. The residue was purified by 
chromatography on silica gel to give compound 2 (107.4 mg, 21.0% yield) as a yellow solid. 1H NMR (500 
MHz, DMSO-d6) δ (ppm) 13.06 (s, 1H), 8.97 (s, 1H), 8.10 (s, 1H), 8.03 (s, 2H), 7.74 (d, J=8.0 Hz, 1H), 7.35 
(d, J=6.8 Hz, 1H), 2.24 (s, 3H).

Synthesis of N4-(1H-Indazol-6-yl)-5-methyl-N2-[3-(4-methylpiperazin-1-yl)phenyl]pyrimidine-2,4-diamine 
(260)

To a solution of compound 2 (259.7 mg, 1.0 mmol) and 3-(4-methylpiperazin-1-yl) aniline (191.27 mg, 
1.0 mmol) in MeOH (5 mL) was added trifluoroacetic acid (TFA, 149 μL, 2.0 mmol) at room temperature, 
the mixture was refluxed at 80°C. The reaction completion was checked by TLC. The resulting solution 
was quenched with NaHCO3 and extracted with EtOAc (3×25 mL). The combined organic layers were 
washed with water (50 mL), brine (50 mL), dried over anhydrous NaSO4, filtered, and concentrated in 
vacuo. The residue was purified by chromatography on silica gel to give target compound 260 (263.0 
mg, 63.5% yield) as a yellow solid. 1H NMR (500 MHz, DMSO-d6) δ (ppm) 12.83 (s, 1H), 8.79 (s, 1H), 8.38 
(s, 1H), 7.97 (s, 1H), 7.91 (s, 1H), 7.82 (s, 1H), 7.64 (d, J=10.3 Hz, 1H), 7.40 (d, J=8.6 Hz, 1H), 7.29 (s, 
1H), 7.17 (d, J=7.9 Hz, 1H), 6.92 (t, J=7.9 Hz, 1H), 6.40 (d, J=8.0 Hz, 1H), 5.75 (s, 1H), 2.89 (s, 4H), 2.24 
(s, 4H), 2.13 (s, 6H). 13C NMR (126 MHz, DMSO-d6) δ 159.18, 158.18, 155.68, 151.27, 141.79, 138.04, 
133.23, 128.59, 119.80, 119.04, 117.21, 109.64, 108.10, 105.94, 105.47, 101.78, 54.28, 47.96, 
45.47, 13.51; ESI-MS m/z: 415.3 (M+H)+. HRMS (ESI): calcd for C23H26N8 [M+H]+: 415.2314, found: 
415.2468.
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Figure S2. The transwell test was used to measure the effect of Cyy260, Rux and Mom on tumor cell invasion. PC-9 
and A549 cells were added to the chamber and incubated at 37°C for 24 h. After the cells adhered to the wall, the 
cells that invaded the chamber were fixed, stain with crystal violet, and washed with PBS for 3 times. The quantita-
tive number of cells was checked under a microscope (40× magnification).

Figure S3. Flow cytometry analysis was used to show the effect of Cyy260 on H1975 and A549 cells apoptosis. After 
treating A549 and H1975 cells with same concentrations of Cyy260, Rux and Mom for 55 h, they were stained with 
annexin V and propidium iodide and analyzed by flow cytometry.
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Figure S4. A. No histological abnormalities were observed in H&E staining of heart, liver, lung and kidney in the 
four mice groups. B. Representative immunohistochemical staining images of cell proliferation marker (Ki-67), cell 
apoptosis marker (CL-Caspase3), P-JAK2 and P-STAT3 in tumor tissues.


